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Genetic structure of Picea abies populations
growing on extreme sites as revealed
by isoenzyme markers: a case study
from Slovenia and Bosnia and Herzegovina

Abstract: Three populations of Norway spruce from ecologically extreme environments in Slovenia and
Bosnia and Herzegovina were examined for genetic polymorphism. The spruces there grow in specific forest
communities (Sphagno-Piceetum) which represent the remnants of the post-glacial vegetation. The aim of the
study was to search for similarities in the genetic variation among populations adapted to such conditions. In
total, 10 isoenzyme systems involving 16 gene loci were analysed. The results showed differences in genetic
differentiation at loci Got-B, Skdh-A and 6-Pgdh-C between the two Slovenian populations and the Bosnian
population, but also indicated an interestingly close relationship between the Slovenian population Pohorje
and the Bosnian population Nišići.
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Introduction
Norway spruce (Picea abies (L.) Karst.), one of the

most valuable forest tree species, plays a significant
economic and ecological role in Slovenia, Bosnia and
Herzegovina, and many other European countries
(Skrøppa 2003). Analyses of the isoenzyme loci poly-
morphism of Norway spruce revealed a high level of
genetic variation in Europe, and a wide differentiation
between the populations (Müller-Starck et al. 1992).
Other studies also reported a high level of genetic vari-
ation and population differentiation in this species
(Goncharenko et al. 1990; Goncharenko and Potenko
1992; Krutovskii and Bergmann 1995). Langercrantz
and Ryman (1990) consider that the species is in the
continuous process of genetic differentiation and ad-
aptation under varied ecological conditions.

Earlier studies confirmed that Norway spruce re-
sponds well to various selection pressures and eco-
logical factors, which may be traced in its population
genetic structure. The differences in genetic structure
between populations are particularly attributed to dif-
ferent site factors such as soil parameters (Boži
2002; Boži and Urban i 2001, 2003) or climate
(Ballian et al. 2006), and to many atmospheric and
soil pollutants (Bergmann and Scholz 1987, 1989;
Hosius and Bergmann 1993; Bergmann and Hosius
1996; Longauer et al. 2001).

The objective of this study was to examine the level
of genetic relatedness among forest communities of
spruce on turf by applying biochemical molecular ge-
netic methods and analysing their results. We looked
at slowly-growing autochthonous spruce populations
in Slovenia and Bosnia and Herzegovina, which are
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adapted to extremely poor and severe site conditions.
We wanted to find out whether the respective prove-
nances have the expected genetic structures, and to
establish the extent of genetic differentiation among
them. As the geographic distance between the popu-
lations from Bosnia and those from Slovenia is con-
siderable, we expected some differences in allele fre-
quencies. It was assumed that natural selection pres-
sures, which influence these populations, may shape
their genetic structures in similar ways.

Material and methods

Description of populations
Jelovica is a high mountain plateau in the Julian

Alps, situated at 1000–1200 m a.s.l. (Table 1). The
entire area of Jelovica is influenced by the alpine con-
tinental humid climate. The annual precipitation in
the area ranges from 2000 to 3000 mm, and during
the vegetation period it is between 1000 and 1500 mm.
In this region, spruce naturally grows in edapho-
genous communities Sphagno-Piceetum in a marshy
area, while Rhytidiadelpho lorei-Piceetum s. lat. grows in
the surroundings of a marshy land where the environ-
ment is somewhat drier (Zupan i 1999).

Pohorje is a flattened mountain massif with an alti-
tude between 1200 and 1500 m, forming a part of the
Central Alps (Table 1). It is built of metamorphous
and magma sediments (Budnar-Tregubov 1958). The
annual precipitation in the area is 1500 mm, with
800–900 mm in the vegetation period (Zupan i
1999). The climate is alpine, humid, with Pannonian
influences. The forests covering a major part of the
Pohorje plateau have a clear and concurrent spruce
structure. At aslope and slightly better quality soils,
minor groups of autochthonous clusters/stands have
been preserved that include other tree species. At high
plateaus and peaks of the central parts of Pohorje,
spruce has also endured as a permanent stand despite
extreme climatic conditions (strong winds, frost, and
short vegetation period), as well as unfavourable con-
ditions of soil (marshy grounds).

Nišićka visoravan (Nišići plateau) is a mountain
plateau with the altered continental climate (Table 1).
The spruce forest here is influenced by orographic
and edaphic factors. It represents a permanent stage
of vegetation on flat lands where the soil is pseudo-
gley with transition from marshy and turf soils. Apart
from the increased soil humidity and local climatic

conditions (frost), the altitudes around 1000 m also
make spruce a sole edifier. The climate is alpine, with
an average annual temperature of 7.1°C and annual
precipitation of 1180 mm, with 567 mm in the vege-
tation period. Because of that, the forest community
there, i.e. Sphagno-Piceetum montanum Stef. 1964, has a
limited distribution. It was first reported from a com-
plex of verphene sediments which are widely distri-
buted southeast, north and northeast of Sarajevo
(Nišići–Olovo–Vareš) (Stefanović 1977; Stefanović et
al. 1983).

Sampling
During January 2005, we sampled branches with

dormant buds. During the collection of samples for
isoenzymatic studies, we ensured that the distance
between individuals is at least 50 to 100 m (in order
to avoid inbreeding/crossbreeding), and that the
trees are older than 80 years. In each population, 50
individuals were sampled.

Isoenzymatic analysis
Genetic structure was analysed using isoenzyme

loci Idh-A, Idh-B, Mdh-A, Mdh-B, Mdh-C, Lap-B, Got-A,
Got-B, Got-C, Pgm-A, Pgi-B, Gdh-A, Skdh-A, 6-Pgdh-B,
6-Pgdh-C, and F-Est-B. The zymogram was interpreted
according to the protocol given by Konnert (2004).
Genetic variation was evaluated by the measures of
genetic variability for polymorphic loci in at least one
of the population. On the basis of allele and genotype
frequencies, genetic variability within populations
was quantified by measures of genetic diversity and
heterozygosity: n – effective number of alleles per lo-
cus, ngam – hypothetical gametic multilocus diversity
(Gregorius 1978), Ha – actual, observed level of hete-
rozygosity, dT – intra-population differentiation. Ge-
netic variability between the sampled populations
was studied by statistical testing of the homogeneity
of allele distributions using Fisher’s exact test, and by
measures of genetic differentiation: d0 – genetic dis-
tance, Dj – subpopulation genetic differentiation. Ge-
netic parameters were calculated using programs
GSED version 1.1e (Gillet 1998) and GENEPOP ver-
sion 3.1d.

Results
Allele and genotype frequencies for the three

spruce populations at 16 analysed loci are listed in
Tables 2 and 3.

Table 1. Site characteristics of Norway spruce populations studied in Slovenia (SLO) and Bosnia and Herzegovina (BiH)

Population Locality Latitude Longitude Alt. (m) Forest community Country

Bijambare Nišićka visoravan 44°05’01’’ 18°29’39’’ 950 Sphagno-Piceetum montanum BiH

Blatni greben Jelovica 46°17’07’’ 14°04’31’’ 1050 Sphagno-Piceetum SLO

Trije kralji Pohorje 46°28’08’’ 15°24’32’’ 1300 Sphagno-Piceetum SLO
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Two of the 16 loci (Gdh-A, Mdh-A) are mono-
morphic in all three Norway spruce populations, and
are fixed for alleles Gdh-A

2
and Mdh-A

2
. Loci Got-A,

Mdh-B, Mdh-C and Idh-B are close to fixation. The fre-
quency of the major allele at these loci is 97% or
higher. Low polymorphism is also observed at loci
Got-B, Idh-A, Skdh-A and F-Est-B with one or more rare
alleles, and the frequency of the major allele always
exceeds 81%. The remaining six loci exhibit clear
polymorphism with the same predominant allele in
all populations, except at locus Got-C (Table 2).

Marked differences in allele and genotype frequen-
cies (Table 3) among the populations from Slovenia
and Bosnia and Herzegovina occur for loci Got-B,
Got-C, Idh-A, Lap-B, Skdh-A and 6-Pgdh-C. At gene loci
Got-B, Skdh-A and 6-Pgdh-C, differences exist between
both Slovenian populations and the Bosnian popula-
tion. For example, at gene locus Got-B there is no vari-

ation in the Slovenian population while in the
Bosnian population rare alleles are found. The popu-
lations of Jelovica and Pohorje differ widely from the
population of Nišići at gene locus Skdh-A. Genotype
A33 has significantly higher frequencies (88% and
96%, respectively) in both Slovenian populations
compared to the Bosnian population (74%). At this
locus, heterozygotes A13 and A37 show a lower fre-
quency than in the Bosnian population (2% vs. 8%).
Both Slovenian populations differ from the Bosnian
population also at gene locus 6-Pgdh-C. The frequen-
cies of allele C2 in the Jelovica and Pohorje stands
(52% and 54%, respectively) are lower than in the
Nišići stands (69%), whereas allele 6-Pgdh-C5 in the
former occurs more frequently (46–48%) than in the
latter (31%). At this gene locus, homozygotes C22 are
more common in Nišići (48%) than in Jelovica and
Pohorje (34%), while homozygotes C55 are more

Table 2. Allele frequencies for 16 gene loci in sampled Norway spruce populations

No. Locus Alelle
Alelle frequency

No. Locus Alelle
Alelle frequency

Jelovica Pohorje Nišići Jelovica Pohorje Nišići

1 Gdh-A 2 1.000 1.000 1.000 9 Mdh-B 1 0.020 – –

2 0.970 1.000 1.000

2 Got-A 1 0.020 – – 3 0.010 – –

2 0.980 1.000 1.000

10 Mdh-C 2 0.030 0.010 0.030

3 Got-B 1 – – 0.020 4 0.970 0.990 0.970

2 1.000 1.000 0.950

3 – – 0.030 11 Pgi-B 2 0.300 0.260 0.290

3 0.700 0.730 0.710

4 Got-C 2 0.530 0.340 0.360 4 – 0.010 –

4 0.470 0.620 0.620

5 – 0.040 0.020 12 Pgm-A 2 0.910 0.890 0.920

3 0.080 0.100 0.080

5 Idh-A 1 – – 0.030 4 0.010 – –

2 0.010 0.040 0.060

3 0.990 0.960 0.900 13 Skdh-A 1 0.010 – 0.040

4 – – 0.010 2 0.030 0.010 0.050

3 0.940 0.980 0.870

6 Idh-B 1 – – 0.020 5 0.010 0.010 –

3 1.000 1.000 0.980 7 0.010 – 0.040

7 Lap-B 2 0.020 0.010 – 14 6-Pgdh-B 1 0.010 – 0.010

3 0.130 0.100 0.170 2 0.670 0.650 0.630

4 0.700 0.820 0.810 3 – – 0.040

5 – 0.010 – 5 0.320 0.350 0.320

6 0.150 0.040 0.020

7 – 0.020 – 15 6-Pgdh-C 2 0.540 0.520 0.690

5 0.460 0.480 0.310

8 Mdh-A 2 1.000 1.000 1.000

16 F-Est-B 1 0.030 0.080 0.030

2 0.950 0.920 0.940

4 0.020 – 0.030
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common in Jelovica and Pohorje than in Nišići
(26–30% vs. 10%). The Slovenian provenance
Jelovica differs greatly from the other Slovenian prov-
enance Pohorje and the Bosnian provenance Nišići at
loci Got-C, Idh-A and Lap-B. For example, Jelovica has
a higher frequency of allele Got-C2 (53%) than either
Pohorje or Nišići (34–36%), and a lower frequency of
allele Got-C4 (47%) compared to the other two popu-
lations (62%). At this gene locus, homozygote C22 is
much more frequent in Jelovica (30%) than in
Pohorje and Nišići (10 and 12%). At locus Lap-B, too,

the frequency of allele B6 is much higher in Jelovica
(15%) than in Pohorje and Nišići (up to 4%). Locus
Idh-A is close to fixation only in the population of
Jelovica where allele A3 reaches a frequency of 99%.

Genetic variation within populations
The intra-population variation in the three spruce

populations was examined using different measures of
genetic diversity and heterozygosity (Tables 4 and 5).

The number of alleles identified in the populations
varies from 32 (Pohorje, Slovenia) to 36 (Nišići,

Table 3. Genotype frequencies for 16 gene loci in sampled Norway spruce populations

No. Locus
Genotype Genotype frequency

No. Locus Genotype
Genotype frequency

Jelovica Pohorje Nišići Jelovica Pohorje Nišići

1 Gdh-A 22 1.000 1.000 1.000 9 Mdh-B 12 0.040 – –

22 0.940 1.000 1.000

2 Got-A 12 0.040 – – 23 0.020 – –

22 0.960 1.000 1.000

10 Mdh-C 24 0.060 0.020 0.060

3 Got-B 12 – – 0.040 44 0.940 0.980 0.940

22 1.000 1.000 0.900

23 – – 0.060 11 Pgi-B 22 0.100 0.060 0.140

23 0.400 0.400 0.300

4 Got-C 22 0.300 0.100 0.120 33 0.500 0.520 0.560

24 0.460 0.440 0.460 34 – 0.020 –

25 – 0.040 0.020

44 0.240 0.380 0.380 12 Pgm-A 22 0.820 0.780 0.860

45 – 0.040 0.020 23 0.160 0.200 0.120

24 0.020 0.020 –

5 Idh-A 13 – – 0.060 33 – – 0.020

22 – – 0.020

23 0.020 0.080 0.080 13 Skdh-A 13 0.020 – 0.080

33 0.980 0.920 0.820 23 0.060 0.020 0.100

34 – – 0.020 33 0.880 0.960 0.740

35 0.020 0.020 –

6 Idh-B 11 – – 0.020 37 0.020 – 0.080

33 1.000 1.000 0.980

14 6-Pgdh-B 12 – – 0.020

7 Lap-B 23 0.040 – – 15 0.020 – –

24 – 0.020 – 22 0.420 0.420 0.360

33 – – 0.040 23 – – 0.080

34 0.220 0.200 0.260 25 0.500 0.460 0.440

44 0.520 0.660 0.660 55 0.060 0.120 0.100

45 – 0.020 –

46 0.140 0.040 0.040 15 6-Pgdh-C 22 0.340 0.340 0.480

47 – 0.040 – 25 0.400 0.360 0.420

66 0.080 0.020 – 55 0.260 0.300 0.100

8 Mdh-A 22 1.000 1.000 1.000 16 F-Est-B 11 – 0.020 –

12 0.060 0.120 0.060

22 0.900 0.860 0.088

24 0.040 – 0.060
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Bosnia and Herzegovina); the latter population has
also the highest number of private alleles. The genetic
diversity (n) ranges between 1.233 (Pohorje) and
1.275 (Nišići; Table 4). The hypothetical gametic
multilocus diversity (ngam) also tends to be highest in
Nišići. Compared to the Pohorje population, the pop-
ulations of Jelovica and Nišići have a greater diversity.
The differences in actual (observed) heterozygosity
between the three populations are negligible (18.3,
20, 6%). The genetic differentiation (dT) which, due
to the method of computation can be expected to be
similar to the expected heterozygosity, lies between
19.1% (Pohorje) and 21.8% (Nišići; Table 4). A com-
parison between the observed heterozygosity values
(Ha) and the differentiation values (dT, %) shows a
nonsignificant or scarce number of heterozygotes in
the population growing under extreme conditions.

In all populations, the loci that exhibited highest
heterozygosity are as follows: 6-Pgdh-B (46–54%),
Got-C (46–52%), 6-Pgdh-C (36–42%), Pgi-B
(30–42%), and Lap-B (30–40%), and those with low-
est heterozygosity are Idh-B, Mdh-B and Got-A
(0–10%; Table 5).

Genetic variation among populations
The Fisher exact test for homogeneity of the allelic

frequencies of spruce populations was performed for
the 14 gene loci analysed. The P-values indicated sig-
nificant deviations from homogeneity of the allelic
frequencies. By the Fisher exact test we also verified
that there is a statistically significant difference for 5
out of 14 polymorphic gene loci (Table 6).

Looking at the data provided in Tables 2, 3 and 6
for loci Got-B and Skdh-A we can conclude that major
differences exist between the Slovenian populations
on the one hand and the Bosnian population on the
other. For loci Got-C, Idh-A and Lap-B, however, it is
interesting that the populations of Pohorje and Nišići
only little contribute to the statistically significant
difference obtained, but major differences exist be-
tween the populations of Jelovica and Nišići.

The allelic and genotypic gene pool distances be-
tween the populations range, respectively, from 4.5%
and 7.0% (between the Slovenian provenance Jelovica
and Pohorje) to 5.9% and 10.1% (between the Slove-
nian population Jelovica and the Bosnian population
Nišići; Table 7). All the values are slightly higher for
the distances between the Slovenian population Po-
horje and the Bosnian population Nišići than for those
between the two Slovenian populations which are ge-
netically closer to each other. The reasons could be
traced to the greater similarity of the allele frequencies
for some gene loci, as well as the genotype frequency.

Based on the maximum and minimum allelic ge-
netic distances (d0) between the populations for the
gene loci analysed, it can be found that the minimum
values of d0 between the Pohorje and Nišići popula-
tions occur at loci Mdh-B, Lap-B, Got-A and Got-C, and
the maximum values occur at loci Idh-B, Mdh-C, Got-B,
Skdh-A, Pgm-A, 6Pgdh-B and 6Pgdh-C (Table 8).

As suggested by the results shown in Table 8, the
population Pohorje is closer than Jelovica to the pop-
ulation Nišići, which corroborates the results from
Table 7.

The range of genetic differentiation (Dj) among the
spruce populations for the loci analysed is presented
in Table 9. The difference between the populations in
Dj terms is widest at gene locus Got-C (11.5%), fol-

Table 4. Average number of alleles (A/L), effective number
of alleles per locus (n), hypothetical gametic multilocus
diversity (ngam), actual multilocus heterozygosity
(Ha, %), and intra-population genetic differentiation
(dT, %) of sampled Norway spruce populations for 14
polymorphic gene loci

Population A/L n ngam Ha dT

Jelovica 2.312 1.260 41.942 19.9 20.8

Pohorje 2.062 1.233 29.873 23.9 19.1

Nišići 2.375 1.275 43.848 21.7 21.8

Table 5. Actual heterozygosity (Ha, %) of sampled Norway
spruce populations for 14 polymorphic gene loci

Locus
Ha

Jelovica Pohorje Nišići

Idh-A 42.0 48.0 16.0

Idh-B 0 0 0

Mdh-B 46.0 0 0

Mdh-C 46.0 42.0 46.0

Lap-B 40.0 32.0 30.0

Got-A 44.0 0 0

Got-B 0 0 10.0

Got-C 48.9 68.4 65.8

Pgm-A 18.0 22.0 12.0

Pgi-B 40.0 42.0 30.0

Skdh-A 12.0 44.0 26.0

6-Pgdh-B 52.0 46.0 54.0

6-Pgdh-C 40.0 36.0 42.0

Fest-B 10.0 75.0 12.0

Average 19.9 23.9 21.7

Table 6. Fisher exact test for allele frequencies

Locus P-value Locus P-value

Idh-A 13.24* Got-C 13.38**

Idh-B 14.42ns Pgm-A 11.97ns

Mdh-B 16.65ns Pgi-B 12.57ns

Mdh-C 11.34ns Skdh-A 17.16*

Lap-B 25.75** 6Pgdh-B 10.71ns

Got-A 14.42ns 6Pgdh-C 17.23ns

Got-B 11.15* Fest-B 17.62ns

* p 0.05, ** p 0.01, ns – nonsignificant (p 0.05)
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lowed by 6Pgdh-C (9.5%). These findings confirm pre-
vious reports which pointed to the existence of di-
verse selection pressures that govern those popula-
tions and influence their genetic structure.

Discussion
We compared the genetic structures of autochtho-

nous spruce populations exhibiting slow and
dwarf-like growth, which typically appear at extreme
Sphagno-Piceetum sites in Slovenia and Bosnia and
Herzegovina. All the three populations have a wide
ecological valence and are well adapted to their re-

spective environments due to the long evolution un-
der the influence of natural selection. Comparison of
their genetic structures allows us to better under-
stand these adaptation paths.

The populations show marked differences in allelic
and genotypic structures, with significant differences
in allelic frequencies. At loci Got-B, Skdh-A and
6-Pgdh-C, both Slovenian populations differ from the
Bosnian population. At loci Got-C, Idh-A and Lap-B,
the Slovenian population Jelovica substantially differs
from the other Slovenian population Pohorje and the
Bosnian population Nišići. All the three populations
exhibit also a high level of genetic variability within

Table 7. Allelic and genotypic genetic distances (d0, %) between sampled Norway spruce populations for 14 polymorphic
loci and for gene pool

Locus
Allelic distance Genotypic distance

POP1 / POP2 POP1 / POP3 POP2 / POP3 POP1 / POP2 POP1 / POP3 POP2 / POP3

Idh-A 13.0 19.0 16.0 16.0 16.0 10.0

Idh-B 0 12.0 12.0 0 12.0 12.0

Mdh-B 13.0 13.0 0 16.0 16.0 0

Mdh-C 12.0 0 12.0 14.0 0 14.0

Lap-B 15.0 15.0 17.0 22.0 22.0 10.0

Got-A 12.0 12.0 0 14.0 14.0 0

Got-B 0 15.0 15.0 0 10.0 10.0

Got-C 19.0 17.0 12.0 22.0 18.0 14.0

Pgm-A 12.0 11.0 13.0 14.0 16.0 10.0

Pgi-B 14.0 11.0 13.0 14.0 10.0 12.0

Skdh-A 14.0 18.0 12.0 18.0 16.0 24.0

6-Pgdh-B 13.0 14.0 15.0 16.0 14.0 10.0

6-Pgdh-C 12.0 15.0 17.0 14.0 16.0 20.0

Fest-B 15.0 11.0 15.0 18.0 12.0 18.0

Gene pool 14.5 15.9 14.9 17.0 10.1 18.8

POP1 – Jelovica, POP2 – Pohorje, POP3 – Nišići

Table 8. Minimum and maximum allelic genetic distances (d0)

Locus Min d0 Relationship Max d0 Relationship

Idh-A 0.030 POP 1–2 0.090 POP 1–3

Idh-B 0 POP 1–2 0.020 POP 1–3 / 2–3

Mdh-B 0 POP 2–3 0.030 POP 1–2 / 1–3

Mdh-C 0 POP 1–3 0.020 POP 1–2 / 2–3

Lap-B 0.070 POP 2–3 0.150 POP 1–2 / 1–3

Got-A 0 POP 2–3 0.020 POP 1–2 / 1–3

Got-B 0 POP 1–2 0.050 POP 1–3 / 2–3

Got-C 0.020 POP 2–3 0.190 POP 1–2

Pgm-A 0.010 POP 1–3 0.030 POP 2–3

Pgi-B 0.010 POP 1–3 0.040 POP 1–2

Skdh-A 0.040 POP 1–2 0.120 POP 2–3

6-Pgdh-B 0.030 POP 1–2 0.050 POP 2–3

6-Pgdh-C 0.020 POP 1–2 0.170 POP 2–3

Fest-B 0.010 POP 1–3 0.050 POP 1–3 / 2–3

POP1 – Jelovica, POP2 – Pohorje, POP3 – Nišići
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populations. Some of the alleles are rare and show
particular characteristics only for an equivalent
(matching/reciprocal) population; there is also
heterozygosity of some alleles. This is the significance
of the Nišići (Got-B, Idh-A) and Jelovica (Got-A,
Mdh-B) populations with two specific gene loci each.
Genetic variability within populations, as well as be-
tween the populations, exhibits a similar pattern to
heterozygosity where an individual gene locus con-
tributes considerably more to variability than others.
The high heterozygosity of loci Lap-B, Got-C, Pgi-B,
6Pgdh-B, C and 6Pgdh-C indicates that selection pro-
cesses had a positive effect on these loci. In the case of
other loci, such an effect is much less pronounced or
totally missing. For the population of Nišići we can
thereby confirm that there is possibly a selection
pressure that favours a high heterozygosity of locus
Skdh-A, while at three loci there is monomorphism
and this type of selection does not occur. Heterozy-
gosity obtained in this way suggests that the three
subpopulations are subject to diverse selection pres-
sures. The differences between the populations corre-
spond with their geographic distances, but the differ-
ences in climate might also be significant and affect
the genetic structure.

The intra-population variability is highest in the
population of Nišići, possibly due to its character as a
relict area and the proximity of the Balkan glacial
refugium, and lowest in the Pohorje population; this
may have resulted from the population proportions as
well as the influence of different selection pressures.

Heterozygosity shows the same pattern as diver-
sity, the differences between the populations, how-
ever, are nonsignificant.

The genetic distances (d0) are equal to those found
by Boži (2002) between spruce from turf and typical
stands in Pokljuka (the Jelovica population) in Slo-
venia, as well as by Ballian et al. (2007) in sub-
populations on the mountain of Igman. As expected,
the two populations from Slovenia (Jelovica and
Pohorje) show a high level of relatedness. It is note-
worthy, however, that the Bosnian population (Niši-
ći) displays a greater relatedness to the population of
Pohorje than to that of Jelovica.

The reason for smaller differences between Pohorje
and Nišići may be seen in the effects of similar specific
selection pressures produced by environmental fac-
tors. Such a conclusion is supported by the results of
the allele and genotype analysis, the data on hetero-
zygosity, and the analysis of allelic and genotypic dis-
tances. The minimum allelic genetic distances be-
tween the Jelovica and Pohorje populations occur in 6
cases, between the Jelovica and Nišići populations in 3
cases, and between the Pohorje and Nišići populations
in 4 cases. By contrast, the maximum distances be-
tween Pohorje and Nišići exist in 8 cases, between
Jelovica and Pohorje in 6 cases, and between Jelovica
and Nišići in 6 cases. Many previous studies pointed to
the vertical differentiation of spruce (Müller-Starck
1989; Krajmerová and Longauer 2000; Pacalaj et al.
2002; Ballian et al. 2007). If we take account of altitude
and consider the vertical stratification of the popula-
tions studied, we will not be able to draw a valid con-
clusion because the position of the populations would
suggest a greater closeness between the populations of
Jelovica and Nišići than Pohorje and Nišići.

Table 9. Genetic differentiation (Dj) of sampled Norway spruce populations by loci, presented with average gene loci values
(d3), and average differentiation of population gene pool, in %

Locus POP1 POP2 POP3 d3

Idh-A 0.060 0.020 0.075 0.052

Idh-B 0.010 0.010 0.020 0.013

Mdh-B 0.030 0.015 0.015 0.020

Mdh-C 0.010 0.020 0.010 0.013

Lap-B 0.135 0.095 0.105 0.112

Got-A 0.020 0.010 0.010 0.013

Got-B 0.025 0.025 0.050 0.033

Got-C 0.180 0.105 0.075 0.120

Pgm-A 0.010 0.025 0.020 0.018

Pgi-B 0.025 0.035 0.010 0.023

Skdh-A 0.020 0.080 0.100 0.067

6-Pgdh-B 0.035 0.030 0.045 0.037

6-Pgdh-C 0.065 0.095 0.160 0.107

Fest-B 0.025 0.050 0.025 0.033

Gene pool 0.046 0.044 0.051 0.047

POP1 – Jelovica, POP2 – Pohorje, POP3 – Nišići
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